The magnetic properties of the mixed compounds ͑Co x Ni 1−x ͒ 3 V 2 O 8 ͑CNVO͒ investigated by magnetization and neutron diffraction measurements are presented. Unlike their parent compounds Ni 3 V 2 O 8 ͑NVO͒ and Co 3 V 2 O 8 ͑CVO͒, only one magnetic phase transition into an antiferromagnetic phase was detected for powder samples with x = 0.27, 0.52, and 0.76. The magnetic structures are modulated according to a propagation vector k ជ = ͑␦ ,0,0͒ with ␦ being dependent on the composition parameter x. Furthermore, magnetization data of a CVO single crystal is featured, which is qualitatively different from previous publications and exhibits a controversial aspect concerning the behavior of the curve under an applied magnetic field along the b axis.
I. INTRODUCTION
The orthooxovanadates of the 3d transition metals ͑M͒, which crystallize in the orthorhombic space group Cmca, represent magnetic lattices labeled as Kagomé staircases. The crystal structure of these M 3 V 2 O 8 compounds has been determined by Fuess et al. 1 and again by Sauerbrei et al. 2 The structure is characterized by edge-sharing MO 6 octahedra, which form buckled layers separated by nonmagnetic V 5+ ions. Because of the structural anisotropy and two nonequivalent magnetic sites within the staircases ͑Fig. 1͒, these compounds differ from the ideal Kagomé net, which consists of corner-sharing equilateral triangles. The reduced symmetry relieves the geometrical frustration and results in longrange ordered magnetic structures and rich H-T phase diagrams. 3 Although the parent compounds NVO and CVO have been exhaustively investigated, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] only structural data about ͑Co 0.5 Ni 0.5 ͒ 3 V 2 O 8 has been published 11 concerning the cation distribution on the two M sites. In the present work, magnetization measurements of three powder samples of the mixed compounds with x = 0.27, 0.52, and 0.76 were carried out and compared to the pure Ni and Co compounds. The results were confirmed by neutron powder diffraction experiments revealing more information about the magnetic structures. In addition, magnetization measurements of CVO are presented that differ from previously published data. 5, 8 Possible reasons for this discrepancy will be discussed.
II. EXPERIMENTAL
Powder samples of CVO and CNVO were synthesized with a reported technique 8 by mixing NiO and CoO in the desired ratio. Single crystals of CVO were grown by the Czochralski method. The crystal structures of the powder samples were investigated by neutron diffraction experiments. Therefore, measurements were carried out at the highresolution neutron powder diffractometers D1A ͑CNVO͒ and D2B ͑CVO͒ at the Institut Laue-Langevin using a wavelength of 1.911 Å at 20 K and 2.3974 Å at 14 K, respectively. The single-crystal structure was checked by x-ray diffraction on the single-crystal diffractometer Oxford Diffraction XCALIBUR with Mo K ␣ at 100 K. The magnetic phase transitions were examined by magnetization measurements using a superconducting quantum interference device ͑SQUID͒ magnetometer ͑Quantum Design͒. The magnetic structures of CNVO were studied at zero magnetic field by neutron powder diffraction experiments at D1A. Additionally, neutron single-crystal diffraction experiments on CVO ͑two-axis diffractometer E4 at the Hahn-MeitnerInstitut in Berlin͒ were used to reveal the magnetic phase transitions due to the temperature dependence of the propagation vector. 
III. RESULTS
The structural investigation confirmed the correct phase formation of both the powder and single-crystal samples and showed close agreement to previously reported data.
2,4,5,11
The cell constants of the mixed compounds behave according to Vegard's law. Like previously reported, 11 the Co ions were found to preferably occupy the more symmetric 4a sites, resulting in cation distribution factors of K D = 0.73, 0.81, and 0.76 for x = 0.27, 0.52, and 0.76, respectively. Table  I lists the structural parameters as well as the refined composition parameter x. Figure 2 shows the magnetization data of the three CNVO powder samples focusing the lowtemperature region. For x = 0.27 and x = 0.52, a slight drop of the magnetization can be observed at T = 8.1 K and T = 7.5 K, respectively, whereas the curve for x = 0.76 only exhibits a change of slope at T = 5.5 K. From the characteristics of the curves, an antiferromagnetic ordering could be deduced and then confirmed by neutron powder diffraction experiments. Because of the existence of multiple magnetic phases with temperature-dependent propagation vectors for NVO and CVO, 3, 6, 10 patterns were collected at different temperatures below the respective transition points. In contrast to its parent compounds, CNVO does not exhibit temperature-dependent shifts of the magnetic reflections, which is illustrated in Fig. 3 for x = 0.27. One can only note an increase of intensity of the magnetic reflections with decreasing temperature, which is an ordinary effect due to reduced thermal displacement. The magnetic reflections could be indexed by introducing a propagation vector k ជ ϭ͑␦ ,0,0͒ with ␦ being dependent on the composition parameter x. The shift of the magnetic reflections is clarified in Fig. 4 . The values of ␦ are 0.372͑5͒, 0.491͑4͒, and 0.52͑3͒ for x = 0.27, 0.52, and 0.76, respectively, revealing an increase of ␦ with increasing amount of Co. It has to be mentioned that the increase of background at low angles for x = 0.76 has also been observed for CVO at all investigated temperatures be- low 14 K and is depicted in Fig. 5 for T = 3.5 K. The observed patterns could well be refined ͑Fig. 6͒ based on a magnetic structure model similar to NVO with the antiferromagnetic vector along the a axis and weak ferromagnetism along c.
Magnetization measurements of CVO reveal the previously reported four magnetic phase transitions 5 even on powder samples ͑inset in These results are in contradiction to Ref. 5 , where the magnetization curve with an applied field parallel to the crystallographic b axis exhibits a drop in the magnetization at the C → C' transition instead of increasing as in Fig. 8 or Ref. 8 . This discrepancy can probably be explained by the orientation of the sample in the magnetometer. The field dependence of the transition points is able to elucidate this controversial aspect and will be discussed in Sec. IV.
IV. DISCUSSION
In contrast to NVO and CVO, the mixed compounds CNVO only exhibit a single-ordered magnetic structure deduced from magnetization and neutron diffraction experiments. Within the limits of the experimental precision, the modulation of the magnetic moments and the magnetic structure are similar to NVO, i.e., the magnetic moments propagate according to k ជ = ͑␦ ,0,0͒ with an antiferromagnetic vector along a and weak ferromagnetism along c, whereas CVO exhibits ferromagnetic coupling along a and a wave vector with a nonzero component along the b * direction. For the three investigated samples, x = 0.27, 0.52, and 0.76, the incommensurability ␦ has been found to be dependent on the 
